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Abstract  Side weirs are widely used in irrigation, land drainage, urban sewage systems, flood protection, and forebay 
pool of hydropower systems by flow d iversion or intake devices. The hydraulic behavior of side weirs received considerable 
interest by many researchers. A large number of these studies are physical model tests of rectangular side weirs. In this study, 
Computational Flu id Dynamic (CFD) model together with laboratory model of rectangular broad-crested side weir were used 
for determining the d ischarge coefficient of the rectangular b road-crested side weir located on the trapezo idal channel. The 
discharges performances obtained from CFD analyses were compared with the observed results for various Froude number, 
Reynolds number and channel slope. The results obtained from both methods are in a good agreement. The average error 
between experimental and CFD Analyses is 5.13 %. 
Keywords  CFD, Laboratory Model, Rectangular Broad-Crested Side Weir, Discharge Coefficient 

 

1. Introduction 
Weirs are a small overflow-type dams commonly used to 

raise the level of a river or stream and cause a large change 
of water level behind them. It is likely that the flow 
discharge exceeds the capacity of a channel or river and, 
thus, a control structure such as side weirs should be 
employed to protect the system against overflow. 
Conventional side weirs are installed in the channel side 
wall, parallel to the flow d irection and at a  desired height so 
that when the water level rises to the weir height, some 
portion of flow would be deviated laterally. Occasionally, 
side weirs as a mean of water diversion can be used, as 
well. 

Nandesamoorthy  et al.[17]. Subramanya et al.[22], 
Yu-tech[27], Ranga Raju  et al.[19], Hager[11], Cheong[6], 
Singh et al.[21], Jalili et al.[13], and Borghei et al.[3] gave 
equat ions  fo r d is charge coefficients  fo r rectangu lar, 
sharp-crested side weirs based on experimental results. 
Swamee et al.[23] used an elementary analysis approach to 
estimate the discharge coefficient in s mooth side weirs 
through an elementary strip along the side weirs. Ghodsian 
[10] studied behavior in the rectangular side weir under 
conditions of supercritical flow. Yuksel[26] and Muslu et 
al.[16] used numerical analysis to analyze the flow over a 
rectangular side weir Recently, Aydin[2] modeled the free 
surface flow over the triangular labyrinth side weir by using  
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Volume of Fluids (VOF) method to describe the surface 
characteristics in subcritical flow conditions. Borghei and 
Parvaneh[4] studied a new type of oblique side weir with 
asymmetric geometry on an experimental set-up. The 
researchers stated that this kind of weir is more efficient than 
the ordinary oblique weir. Emiroglu et al.[9] carried out a 
comprehensive study to determine the discharge coefficient 
of a sharp crested rectangular side weir in a straight channel, 
and developed an equation for discharge coefficient 
including all d imensional parameters. Agaccioglu et al.[1] 
presented a reliable equation based on 1504 experimental 
runs for discharge coefficient o f the rectangular side weir in  a 
curved channel depending on the all dimensionless 
parameters. Haddadi and Rahimpour[12] investigated an 
experimental setup to obtain the relationships of discharge 
coefficient with the other dimensionless parameters for 
trapezoidal b road-crested side weir. Bagheri S., Heidarpour 
[5] investigated the water flow over sharp-crested side weirs 
obtaining the distribution of the three- dimensional velocity. 

Considering the d ischarge dQ through an elementary 
strip of length ds along the side weir in a rectangular main 
channel in terms of De Marchi’s equation[8], one gets: 

q =  −  dQ
ds

= 2
3

Cd�2g (h − p)
3
2           (1) 

where Q is the discharge in the main channel, s is the 
distance from the beginning of the side weir, dQ/ds (or q) is 
the discharge overflow per unit length of the side weir, g is 
the acceleration due to gravity, p the is height of the side 
weir, h is the depth of flow at  the section s (at s = 0 : h = h1 
and Q = Q1), (h − p) is the pressure head on the weir and Cd 
is the discharge coefficient of the rectangular side weir. 
Thus, Qs = q.L, in which Qs is the flow rate over the side 
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weir and L is the length of the side weir. 
Rafi Vahid[20] used Eq. (2) to estimate the discharge 

coefficient of broad-crested rectangular side weirs located in 
a trapezoidal channel, and he proposed the following 
equation for subcritical flow: 

C𝑑𝑑 = 0.145(𝐹𝐹𝐹𝐹)  - 0.5(Re) 0.26(S0)0.164(𝑃𝑃
ℎ1

)0           (2) 

According to this point that no similar research has done 
yet in the rectangular broad-crested side weir located in the 

trapezoidal channel, and most of researches were conducted 
in the rectangular channel, therefore, this study presents a 
determination of discharge coefficient of the rectangular 
broad-crested side weir located in the trapezoidal channel in 
the subcritical flow condition by using CFD simulations 
with  ANSYS FLUENT V.14, and the simulat ion results 
were compared with the experimental results. 

 
Figure 1.  Definition sketch of subcritical flow over a side weir.[9] 

 
(a) 
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(b) 

Figure 2.  Experimental arrangement 

2. Physical Model 
The experiments were conducted at the Soil Conservation 

and Watershed Management Research Institute, Tehran, Iran. 
The data used in this study were taken from the experimental 
studies conducted by Rafi Vahid[20] on a large model. The 
experiments were carried out in a trapezoidal channel of 
internal width 1m, 30 m long and 0.88 m deep with a bed 
slope of zero and side slope 1:2 and bottom slope 0.001, 
0.003. The side weir was located at a distance 13 m from 
the beginning of the main channel. The range of the various 
parameters is given in Table 1. For a given side weir, flow 
depth in the main channel was adjusted by a suitable sluice 
gate. Depth of flow in the main channel and the flow depths 
were measured at the centerline of the main channel, using 
a point gauge with an  accuracy of 0.01 mm. The d ischarges 
in the main channel extension and the side weir were also 
measured by the volume method. Water for the main 
channel was supplied by pump and the flow was controlled 
by a gate valve 0.569 combinations were examined through 
various combinations of side width (b): 80 cm;  side weir 
heights (P): 0.001, 5, 8, and 10 cm; side weir length (L): 4 
m. A schematic representation of the experimental set-up is 
shown in Fig. 2. 

Table 1.  Range of variables tested 
Variable Experiment CFD 

Fr 0.57-0.95 0.53-0.98 
Re 2842-7962 2851-8018 

P (cm) 0.001, 5, 8, 10 0.001, 5, 8, 10 
S0 0.001, 0.003 0.001, 0.003 

Number of Runs 28 28 

3. CFD Model Description 
ANSYS FLUENT V.14 is the CFD solver for choice for 

complex flow ranging from incompressible (transonic) to 
highly compressible (supersonic and hypersonic) flows. 
This paper represents a 3D modeling a flow over a 
rectangular broad-crested side weir in trapezoidal channel. 
In this study, used Second Order Upwind discretization 

scheme for Momentum, First order upwind discretization 
scheme for turbulent kinetic energy and turbulent 
dissipation rate; used Presto discretization scheme for 
Pressure and SIMPLEC algorithm for Pressure-Velocity 
Coupling Method. The under-relaxat ion factors are chosen 
between 0.2 and 0.5. The small values of the 
under-relaxat ion factors are required for the stability of the 
solution of this interpolation scheme. In the iterative 
solutions, it must be ensured that iterative convergence is 
achieved with at least three orders (1e-3) of magnitude 
decrease in the normalized residuals for each equation 
solved. For time dependent problems, iterative 
convergences at every time step are checked and all 
residuals are dropped below four orders (1e-4) in  about 
10,000 iterations. The time steps size are selected as t=0.1s. 

3.1. Geometry and Boundary Conditions 

The geometries and meshes were generated by using 
ANSYS V.14. The parameters of the created models and its 
meshing pacificat ions were g iven in Table 2. The typical 
view of Geometry and mesh of model is given in Fig. 3. The 
open channel boundary conditions were applied to the CFD 
mode laste pressure inlet at the main channel inlet, the 
symmetry at the boundaries which open to atmosphere, the 
pressure outlet at the main channel outlet and secondary 
channel outlet, Also Wall boundary is used to specify the 
solid surfaces. The pressure inlet boundary condition 
presents an option which ensures to easily describe the 
bottom and the surface levels of the main channel and also 
the velocity of the main channel flow. A water level of 
downstream weir is imposed initially by the pressure inlet 
boundary at the main channel outlet. It is assumed that the 
free surface levels of the inlet and outlet boundaries in the 
main channel are approximately equal initially. After the 
solution is converged, the water levels reach own natural 
level in the subcritical conditions. For subcritical outlet 
flows (Fr< 1), if there are only two phases, then the pressure 
is taken from the pressure profile specified over the 
boundary, otherwise the pressure is taken from the 
neighboring cell. Based on the Froude number when Fr<1 the 
flow is known to be subcritical where disturbances can travel 
upstream as well as downstream. In this case, downstream 
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conditions might affect the flow upstream[18]. 

Table 2.  Meshing specifications 

Number Meshing type Grid size 
(mm) Title 

424457 3D Hexahedral 100 Cells              100 

83621 3D Hexahedral 100 Node              100 

874147 3D Hexahedral 100 Faces             100 

825665 3D Hexahedral 100 interior faces       100 

18298 3D Hexahedral 100 symmetry faces    100 

29706 3D Hexahedral 100 wall faces          100 

316 3D Hexahedral 100 Pressure-outlet faces 100 

162 3D Hexahedral 100 Pressure-inlet faces  100 

 
Figure 3.  Schematic view of mesh 

3.2. VOF Equation Discretization and Free Surface 
Reconstruction 

The evolution of the volume fraction field F is governed 
by Eq. (3) 

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ ∇ � 𝐹𝐹.𝑈𝑈��⃗  � = 0              (3) 
The upwind-biased characteristic method developed by 

Zhao et al.[28] is too diffusive for the evolution of step 
function. In this work, the CICSAM (Compressive Interface 
Capturing Scheme for Arbitrary Meshes) discussed in Lv  et 
al.[15] is employed for its good performance to maintain the 
sharpness of the interface while keeping reasonable 
accuracy. It makes use of the NVD concept[14] and 
switches between different high resolution differencing 
schemes to yield a bounded scalar field, but one which 
preserves both the smoothness of the interface and its sharp 
definit ion (over one or two computational cells). The 
derivation of the scheme is based on the recognition that no 
diffusion of the interface (whether physical or numerical) 
can occur; thus it is only appropriate for sharp flu id 
interfaces. The scheme is based on the finite vo lume 
technique and is fully conservative. The special implicit 
implementation embedded inside makes it  applicab le to 

unstructured meshes. Interface reconstruction is the 
essential part of the coupled VOF method, i.e., given the 
interface normal vector in a cell, the unique linear interface 
segment (line segment in  2D and p lanar surface in  3D) 
which also truncates the cell by the given volume fraction 
must be found. Analytical relations connecting linear 
interfaces and volume fractions in  triangular and tetrahedral 
grids have been presented in Yang et al.[25]. The merit of 
this method is that the analytic formulat ions eliminate the 
need for iteration, and thereby improve accuracy and reduce 
computation time. (The volume of flu id is exact ly 
conserved during this form of interface reconstruction). 
After the planar interface in each free surface tetrahedron 
(defined by F ¼ 0:5) has been reconstructed analytically, 
the level set field needs to be re-distanced, which is also an 
essential step in normal level set method. This can be easily 
done for each grid point in the computational domain by 
finding the shortest distance to the reconstructed VOF 
interface, and an efficient lookup algorithm within the 
group of VOF p lanar interfaces is needed to save CPU t ime. 
For details on the implementation of the finite vo lume 
discretizat ion of VOF equation and free surface 
reconstruction, the reader is referred to Lv et al.[15]. 

3.3. Modeling Turbulence Effects  
For the present computations, we use a renormalized 

group RNG k–ε model due to the presence of highly strained 
regions in the flow and the irability to accurately p redict 
moderate and low Reynolds number regimes[24]. In the case 
of the k–ε RNG model, a modification for including the local 
compressibility effects can be applied directly in the 
expression of the turbulent viscosity. The function f(ρ), 
which is simply equal to ρ1 fo r a single phase flow, is turned 
to 𝑓𝑓(𝜌𝜌) = 𝜌𝜌1 + 𝛼𝛼𝑛𝑛 (𝜌𝜌𝑣𝑣 − 𝜌𝜌1 ) in the case of cavitating flows, 
with n=10.[7]. For modeling the flow close to the wall, 
standard wall function approach is used with enhanced wall 
functions approach applied in the near wall region. The range 
of y* values for which wall functions are suitable depend on 
the overall Reynolds number of the flow. The lower limit 
always lies in the order of y*~15. Below this limit, wall 
functions will typically deteriorate and the accuracy of the 
solutions cannot be maintained. The upper limit depends 
strongly on the Reynolds number. For very  high Reynolds 
numbers (e.g., ships, airplanes), the logarithmic layer can 
extend to values as high as several thousand, whereas for low 
Reynolds number flows (e.g., turbine blades, etc.) the upper 
limit can be as small as 100. For these low Reynolds number 
flows, the entire boundary layer is frequently only o f the 
order of a few hundred y* units. The application of wall 
functions for such flows should therefore be avoided as they 
limit the overall number of nodes one can sensibly place in 
the boundary layer. In general, it is more important to ensure 
that the boundary layer is covered with a sufficient number 
of (structured) cells than to ensure a certain y* value. In 
ANSYS FLUENT, the log-law is employed when y*>11.225. 
When the mesh is such that y*<11.225 at the wall-adjacent 
cells, ANSYS FLUENT applies the laminar stress-strain 
relationship that can be written as U*=y*. It should be noted 
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that, in ANSYS FLUENT, the laws of the wall for mean 
velocity and temperature are based on the wall unit y* rather 
than y+. These quantities are approximately equal in 
equilibrium turbulent boundary layers. The parameters of the 
RNG k–ε model were given in Table 3. 

Table 3.  parameters of the RNG k–ε model 

Cmu C1-Epsilon C2-Epsilon Swirl Factor 

0.0845 1.42 1.68 0.07 

4. Results and Discussions 

 

Figure 4.  Comparison of Cd coefficients against the Froude number 

 

Figure 5.  Comparison of Cd coefficients against the Reynolds number 

The discharge coefficients Cd of CFD models were 
calculated by Eq. (2) using the data obtained from CFD 
analyses as calculated by Rafi Vahid[20] for his physical 
model. Rafi Vah id[20] found that the discharge coefficient 
Cd for rectangular broad-crested side weir in trapezoidal 
channel depends on three dimensionless parameters: Froude 
number (Fr), Reynolds number (Re) and channel slope (S0). 
Therefore, in the CFD analyses, to show the effects of 
parameter Fr and Re on d ischarge coefficients, Cd values 
obtained from both the CFD and physical models are plotted 

against the dimensionless Froude number, Reynolds number 
and channel slope respectively in Figs. 4, 5 and 6. These 
figures show that Cd decreases with the increasing Fr and 
increases with the increasing Re and S0. Fig. 7 shows the 
comparison of Cd values obtained from CFD studies against 
the observed Cd. As it can be seen from Figs. 8, the discharge 
coefficients from CFD analyses are quietly compatible with 
the experimental data observed. In this Figure, the d ischarges 
coefficient obtained from CFD analyses and computed from 
Eq. (2) with Cd values obtained from experimental analyses 
by Rafi Vahid[20] were compared. As seen in this figure, the 
CFD and the experiment values are in reasonable agreement. 
Additionally, to evaluate the accuracy between experimental 
and CFD results, the root mean square error (RMSE) and the 
average percent error (APE) criteria were used. The RMSE 
and APE are given as 2.42 % and 5.13 % respectively for the 
side weir discharges for N=28. These values present a 
satisfactory agreement between experimental and CFD 
results. 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = �1
𝑁𝑁
∑ (Cd(Experiment )− Cd(CFD))2𝑁𝑁
𝑖𝑖=1

    (4) 

𝐴𝐴𝐴𝐴𝐴𝐴 = 100
N
∑ �Cd (Experiment )−Cd (CFD )

Cd (Experiment )
�N

i =1
        (5) 

 

Figure 6.  Comparison of Cd coefficients against the channel slope 

 

Figure 7.  Comparison of Observed and Calculated values of Cd 
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Figure 6.  Comparison of values of Cd obtained from CFD and 
Experimental analyses 

5. Conclusions 
In the present study, the CFD (ANSYS FLUENT V.14 ) 

analyses of broad-crested side weir located on a trapezoidal 
channel were performed to investigate the effects of some 
dimensionless parameters as Fr, Re and S0 at the certain 
values of Cd. The open channel boundary conditions used in 
the CFD models provide an efficient approach for simulation 
of the flow over the rectangular broad-crested side weir. 
Both the results of CFD and physical model showed that 
while Cd coefficient decreases with increasing values of Fr 
and Cd coefficient increases with increasing values of Re. 
For all results, it is concluded that a reasonable agreement 
was achieved between the CFD results and the experimental 
observations. Additionally, an interval error of RMSE   
2.42 % and APE 5.13 % respect to the side weir d ischarge 
coefficients between CFD and experimental results is 
reported. The presented results in this study can encourage 
further the researchers in making new different designs of 
rectangular side weir by using CFD. 

List of symbols 
b Width of main channel, m 

Cd Side weir discharge coefficient. 
E Specific energy, m 
Fr Froude number at upstream end of side weir. 
g Acceleration due to gravity, ms-2 

Q Discharge in the main channel, m3s-1 

Q0 
Discharge at upstream of side weir at main channel 
centerline, m3s-1 

Q1 
Discharge at upstream end of side weir at main channel 
centerline, m3s-1 

Q2 
Discharge at downstream end of side weir at main channel 
centerline, m3s-1 

Qs Total flow rate over the side weir, m3s-1 
q Discharge per unit length over side weir, m2s-1 

dQ/ds Discharge per unit length of side weir, m2s-1 
R Correlation coefficient. 

S Distance alongside weir measured from upstream end of 
side weir, m 

V Mean velocity in any section of channel, ms-1 

V1 Mean velocity of flow at upstream end of side weir, ms-1 
V2 Mean velocity of flow at downstream end of side weir, ms-1 
Vs Velocity of flow dQs over the brink, ms-1 
Ψ Deviation angle of flow,  
P Height of side weir, m 
S0 Channel slope. 
Sf Friction slope. 
L The length of broad crested weir. 
h Main channel depth, m 

h1 
Flow depth at upstream end of side weir at main channel 
centerline, m 

h2 Flow depth at downstream end of side weir at channel 
centerline, m 

Z Side slope of weir. 
α Kinetic energy correction factor. 
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